A simple approach to derive Z-score of reference change value involving more than two serial results
Dear Editor
The reference change value (RCV), also known as the critical difference, can be defined as the smallest difference required before two sequential laboratory results are considered significantly different (at a predefined confidence level), after taking into account the biological and analytical variability of the test. 1 Mathematically, it is represented by (RCV ¼ Z-score Âˇ(2 Â (analytical coefficient of variation 2 þ within-person biological coefficient of variation 2 )). It is a simplistic approach to help practitioners decide if a pair of results is significantly different.
Recently, Lund et al. 2 noted that the number of results that are falsely flagged as significantly different (i.e. false positives or Type 1 error) increases when this concept is applied to comparison of more than two results. They suggested that the traditional RCV should be widened (by choosing a larger Z-score) to maintain the desired rate of Type 1 error. Based on 10,000 simulated data, they presented a table which practitioners can conveniently refer to in order to determine how much the RCV should increased by when more than two results are compared. We would like to highlight the fact that it is possible to achieve the same objective using a more simplistic, ''back of an envelope'' approach.
We know that the probability of falsely flagged differences accumulates as the number of results in a comparison increases. To contain this, a more stringent statistical condition could be used to reduce the falsepositive rate for each individual comparison, such that the cumulative false-positive rate meets a predefined limit.
To illustrate this, let us assume that we are comparing six serial laboratory results, which are independent and normally distributed with a common mean and coefficient of variation (CV). Suppose we want to keep the false-positive rate at 5% (i.e. 95% confidence level), we would have traditionally chosen a Z-score of 1.65 for the RCV to reflect this assuming unidirectional change in the difference between the results. However, because there are five possible combinations of result comparison (i.e. the first result compared to each of the five subsequent results, respectively, or n -1), the resultant overall (cumulative) false-positive rate in this scenario is 1-(1 -0.05) 5 ¼ 22.6%, instead of the theoretical 5%, had only two serial results been compared.
To achieve the intended overall false-positive rate, we should choose a more stringent Z-score for the RCV. The exact Z-score to be chosen can be derived by finding out the individual false-positive rate as
where p is the false-positive rate for each individual comparison, q is the intended overall false-positive rate and n is the number of results to be compared. Based on our proposed approach, a false-positive rate of 1% for each individual comparison will lead to an intended overall false-positive rate of 5% when n ¼ 6
corresponding to a Z-score of 2.33, based on unidirectional change where the false-positive rate of each of the five assessments in the sequence is assumed to be constant and equals to 1%. Of note, our proposed approach holds true for all underlying distribution assumptions, including the lognormal distribution that was assumed in Lund et al. 2 In Table 2 of Lund et al., 2 it was noted that a Z-score of 2.28 leads to a false-positive rate of 1% for individual comparison when CV ¼ 10%. Hence, based on our ''back of an envelope'' calculation, that same Z-score should lead to an intended overall falsepositive rate of 5% when n ¼ 6 and CV ¼ 10%. Interestingly, a lower Z-score of 2.23 was recommended in that paper. Similar observations were also made for the other CV values considered. This suggests that they had slightly undercompensated for the increase in the number of false-positives. The observed differences may be related to the fact Lund et al. 2 used a ratio of the two results being compared, instead of the percentage Annals of Clinical Biochemistry 2015, Vol. 52(6) 717-719 acb.sagepub.com difference (as described in the original RCV concept) and assumed an underlying log-normal distribution for the results.
In their letter Liu et al. presented 'A simple approach to derive Z-scores involving more than two serial results'. 1 This stated approach was used to calculate Z n -scores dependent on the number of serial results (n), and some calculated Z n -scores were compared with the Z n -scores calculated by the model based on 10,000 simulated data from Lund et al. 2, 3 The total calculated Z n -scores are listed in Table 1 for both uniand bidirectional changes in serial results using both 
